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Unser Zaichen: 8371-GBF 

epotniAon« C un<J D ,. H«rst»lluny und Mier.wl 

Dim vorliegende Erfindung b«criffk allgcmein CpochllonderivAca 
und daren Verwendung rur Heratallung von Arxnttimietelh. insbQ- 
■ondere betrifft die voTXi«gMid« Br£indung di« HeracelXung der 
Epothiionderivate der naehfolgand dargeacallcen allgamainan For- 
main 1 bia 7 sowia daran Vanrandurg zur Haratallung von thara- 
pautiachan Mlttaln und Hlttaln £Qr den Pf lansanaehucs . 
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In den vor«eehenden ron«in l w. Fonwi 7 bedeucM:) 

I 

R - H. Ci.4-Alkyl; I 

Rl, r3, r*. r5 . H, Ci.g.Alkyl, 

Ci.g-Acyl-BoruoyX, j 

Ci.4-Trlalkylailyl, 

Beniyl, i 

Phenyl « i 

Cx.fi-AlKoxy-, 

C^-Alkyl-, Hydroxy- und Kalogann 
•ubacltuiertaa Benzyl bzw. Phenyl; 
wobei auch .wi der Re.te R^ bi. r5 ^er Oruppierurig .(cHj,„- 
mit n . 1 bie 6 sueammentreten k6nnen und es aieh bell den In den 
Reaten enthaltenen AlkyL b.w. Acylgnippen u. gradkedcige Oder 
verzwelgte Reace handelt; 

Y und 2 aind entweder gXeich oder vcr.chieden und acehen jawella 
far Waaaeratof^, Halogen, wie P. ci, Br oder J, Paeudohalogen, 
wle -WCO. .NCS Oder OH, 0- (Ci.g) -Acyl, 0- (Ci.«) -Wkyl, 0- 

Benzoyl . Y und Z kdnnen aueh daa o-ACom einea Bpoxidcia aein, 
wobei Epothiloa A uad B nlcht beanapruchc warden, odcir elae der 
C-e-Bindungen ein^r C»C-Ooppelblndung bllden. 

In der rocael 3 acehc x ellgemein Wr -C(0)-, -c(S)-, -S(o)-, - 
CR^R^-. wobei r1 und R^ die Bedeueung haben wi« oben angegeben, 
uad -Sift]-; webei R die Bedeucung hat wie obea angeg^n. 

la der Vtaael 4 bedeueet X Saueracoff, nor^, N-MR^R^.i und N- 
MHOONR^r', wobei die Reaee R^ bia R* die oben angegebene Bedeu- 
cung habea* 

In der rezmel S bedeucat x Kaaaerateff, Cx.xa'^l^y^* Pl-ia'Acyl, 
Bensyl, Bentoyl und Cinaanoyl. 

I ■ 



Hal. Y . OH und Y . OH. V - Hal arhlle. Frotonanaturw wi. . b 

•eylUrt (a.B, ™it C.rbon.*ura«u,ydrldan und Pyrldln iodar 
Tri.chyl.min/WUP. odar alkyU«e . (AllcylhaK^anld. urid silbar- 
oxid, wardan. Oia .3- «„d 7-Hydroxy,r.ppa„ Wnnan d„« vorUblr- 
9.hand ala Forwiat (Abapaltung mit NHj/m«M« odar p-ltethewy- 
banaylachar (Abapaltung mit DOQ) geaehacse warden. 

Verbindungan gemU dar allgameinen ro«ai 3 alnd au. epoehilon A 
und B .owia daran 3-0- und/odar 7-o.gaachfltxtan Deriwten durcR 
Raduktion. «.B. mit fMH^ in Methanol arh*ltllch. sinU dabei 3- 
OH und/odar 7-OH ravaraibal gaachOtxt, ao kdnnen naehl Acylierung 
Oder Alkyliarung und Entfaman der Schut.gruppan 9-O-monoaub.ti- 
euiarta. 3.S- odmr S.7.o-dlaubatituiarta oarlvace den aligeael- 
nan PecMl 3 erhaleen werdea. 

Unaatzungaa von Bpeehllen A und a mit blfunk^loneilem elekcro- 
philaa Raagaasiea, wia (Thio> Phoagan, (ThioJCarbonyldlmtdaaol. 
Thlonylchlorld odar Olalkylailyldichloridan bzw. -biairlfl.tMi . 
argaban Varbindungaa der .llgemainan rexsal s . Ala KllCabaaen 
dienen dabei Pyrldia. Trialkylamina. gg«. tuaammen mit OMAP bn. 
2.C-Lutidin In ainam nlehtpretlachan Ldaungamitcel . Ole 3,.7-Aee- 
tale dar allgaaainea PosmI S entatehea dureh tmaeetaliaieroag 
z.B. voa Oimethylaeaealea in Cegenwart ainaa eauran iciiealysa> 
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V*rbindung.n gemAft dor allgcmoinen Formal 4 werden au. Epochllon 
A und B Oder ihren 3-0- uad/oder 7-o-ge,chatzten Derlvacen durch 
Ozonolye und reduktive Aufarbeitung, z.8. „ic Oimacbylaulf id 
arhaltan. pi. C-lfi-Katone kamien an.chUeB«nd nach dam Fachmann 
gmlMX^n Sfeandardverfahran In Oxime. Hydrazone odav Semlcarba- 
zona umgewandalc werdan. 3ia warden wvitarhin durch Wlceig., 
Witttg-Homar., Julia- oder Pataraan -olaflnlerung in lc-is/c^l7- 
OXafina QbarfOhrt. 

Durch Raduktion dar C-i6-Katogruppa. z.B. mit ainem Aluminium- 
odar Borfaydrid. aind ^ia itf-Hydroxydarivata gemAft dav allgemal- 
nan rermal 5 arhAltlich. Dlaaa kdnnan, vana 3-OK und 7-OH mit 
antopraehandan Schutzgruppan varaahan aind« aelakeiv acyliarc 
odar alkyliart wazdan. Ola Fraiaatsung dar 3 -OH- und T-OH-Grup- 
pan arfolgt z.B. bai 0-Fonayl durch NHj/MaOH, bei O-p-Meehoxy- 
bensyX durch DOQ. 

Dia Varbindungan dar allgamainan FozaaX < werden aua Carivacen 
von Bpothilon A und B erhalcen, bei denen die 7-OH-Gruppe durch 
Acyl- Oder Ethergruppen geachAcze iac, in dem die 3-OK-Gruppe 
2.8. formyliert. meeyiiert oder coayliert und anachliaSend durch 
Behandlung mit einer Baae z.B. OBV eliminiert wird. Die 7-OH- 
<3ruppe kann wie obea beachrieben fralgeaecct werden. 

Verbindungea der aXlgemeinen Forsel 7 werden aua BpothiXon A und 
B Oder deren 3-OH- und 7-Oil-geechatzten Derivacan durch baaiaehe 
Hydrelyae erheXten, z.B. mit HaOH in MeOK oder MaOM/weaaer. vor- 
zugeweiae werden Verbindungen der aXXgemeinen FozweX 7 aua Cpo- 
thilea A Oder B oder deren 3 -OH- oder 7-QK-geechatzten Derivatea 
durch ensymetiache KydroXyae erhalten* inabeaondere mit Bacara* 
aea oder Lipaeea. Die CarboxyXgruppe kana mit OiazeaXkanen nach 
Schuts der 19-0K-Gruppe durch AXkyXierung ia Bater umgewandeXt 
vrerdea. 
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Ferner k6nn.n Verbindungen dar Fo».l 7 du«h Lacconlaierung 
nach dan Methoden von Yamaguchi (Trichlorbenzoylchlorid/DMAF) 

a.ure/Caa.iun.carbonat) in Vrbindung der ra«.l a umgaw.ndalt 
warden. Binachllgiga Arbaicamachodan finden alch baiT 

Inanaga at al. in Bull. Ch.«. Soc. Japan. 52 il9J3) 1989; 
Coray 4 Mlcolaou in J. Am. Cha«. Soc. 96 (1974) 5614; und 
K«l2lnga & KaUogg in J. Am. chem. Soc, 103 (i9iXi .5183. 

Zur Heratallung dar arfindungagamafian Varbindungan Jcinn man aueb 
von Epothilon C odar 0 auagahan, wobai zur DarlvaciaSarung au£ 
dxm voratahand beachriabanan Oarivaciaiarungamathoden vaxvieaea 
wardan kann. Dabai kann man dia 12. l3-Doppelblndung aalakeiv 
hydriaran; baiapialavaiaa katalyciach odar mlc Olimln; odar 
apoxidiaran, baispialawaiaa mie Olmechyldloxlran odes ainar 
ParsAura; odar in dia Dihaloganide. Oipaaudohaloganida odar 
Diaside umwandaln. 

Dia Erfindung batrifft famer Mittal Ur dan PClanzanaehues in 
Landwirtachaft. Foratwirtachaft und/odar Gartanbau, beacahand 
aua minw odar mabreren dar voracahand aufgafOhrten ^othilon- 
darivata bzw. baacahand aua ainem odor mahraran dar vorseabaad 
aufgafahrtan Epothilondarivata naban einam odar mahrsren flbll*- 
chan Trigarfn) und/odar Vardflnnungamittel (n) , 

SehliaOlich batrifft dia Er£indung cherapauciacha niccal, baata- 
hand aua ainar odar mabraran dar voracahand auCgeCahrtan Varbin- 
dungan odar ainar odar mahraran dar voracahand aufgafOhrcan Var- 
bindungan naban ainan odar mahraran Obliehan TrAgar(n) und/odar 
VardannungamitcaKn) . Oiaae Mittal kdnnan inabaaondara cycocoxl- 
acha Aktivitttan saigan und/odar Zmmunauppraaaion baw&rkan 
und/odar aur Baktopfung malignar Tunora aingaaatst warden, wobal 
aia baaondara bavorsuge alA Cyceaeatika varwandbar aitid. 



.8chrieb«ii. *^ 



V«rblttdung 2a 



20 .J |0 041 „««x, Hppthllon A wren in 1 «x Acton g.xa.t. «it 
SO /il (0.649 mmoX) Tri£luorea«ig,«ur« ver««tzt und ai>«r Naehc 
bei 50 •€ gerthrt. Zur Aufarbeitung wird da. Realctionegemiiich 
mlt 1 M Phoaphatpuf fer pH 7 vraet.t und die wafiriga Phaaa vicr- 
mal mlc Ethylacatat axtrahiart. Die vareinigtan organi.chan Pha- 
aan wardan mit gaaAccigear Nacriunchlorid-Waung gaw^achan. ubar 
Natriumaulfat gatrocknae und vom Ldaunga«ittal bafraiic. Dia Ral- 
nigung daa Rehproduktaa arfolgt mic HUfc der prtparaciven 
Schichcchromacographia (LaufmiccaX; OichXormathan/Acaton, 85 • 
15) . 

Au#bauea: 4 mg (XS %) Xaomar I 
4 mg (19 %) xaonar IZ 

XaosMr Z 

R£ (Dlchloraiachan/Acaton, 85 i xs) t o.46 

a (rilmh . ny - 3440 (m. b, Sch) . 3946 (a. SCh) , 1734 

(va). X48< (m), X4S€ (m) « X37$ (w) , 125$ 
(a, Sch), 1190 (w, b, Sch), X07i {m. 
Seh). 864 (w), 735 (w) cro"^. 

MS ilQ/lQ flY) T m/a (%) • 493 (43 [M-H^O]'^), 394 (47),: 306 (32) « 

20€ (30), 181 (40), 166 (72) « -139 (100), 
113 (19). 71 (19). S7 (24), 43 (24). 
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9e«-: 493.2478 

laoMr ZZ 

Ht (PlcMorweehan/Aceton. as ! n) ■ 0.22 

" ^''"'^ "'^ " ^C"). 2942 (v.. sew. 1727 

<ve). 1570 M. U,, 
(■). U90 (w), XOM (m), 975 (w) , c«-l. 
M8 ( a g/7fl fVU n./. ,%, . 49, tH-H20r,. 3H 30« ,4«) 

206 <37), 181 („), 1S€ (99), 139 (loo)', 
113 (21).. 71 (23), 57 (33). 42 (28» . 

HMhr,flftn„m : c„h„o,m3 b.r. . 49, .2«9. fa, cm.h,oi * 

are'-! 493.2475 



B«iapl«l 2 I 

v«rbladuii9 lb 

SS (O.m Bpethilon A w.rd,n in 0.5 .1 Tecr«hydrofur.n 

geW«6. «ie 0,S n,l 1 » s.lrs.ur. vrsetxe und 30 Mlnwen b«i 
R«umc.mp«r.cur gerttee,. An.chlieSend wlrd mlt 1 n Pha.ph«tp«ff«r 
PH 7 v.r..e,t «»d di. wiOrt,. Ph... vierm.1 „ic ethylac.cae ex. 
erahlart. Oi« v.r«lnlge.n orjani.chen Ph..«n werdan mic g.aAf 
tigetr «r«trlumchlorid-Ld«un» gw..ch«i,. ab«r »atrlu«uiuUae g«. 
treeknat und vom LAaungamieeal bafraie. Oia Ratnlgungi daa Roh- 
preduktaa arfelge mit HUfa dar priparaclveii Schlchechromaco- 
graphia (Uuf.ittal, Olc)»lo«.athan/Mat)»ai»ol. 90 : 10) i. Auabauea. 
19 mg (32 ») 
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Rg (Olchlorwethan/Mathanoi, so . iq^ , o 46 

^^LJmmU ny . 3441 is. br. 3ch) . 2S4. <a. sjh) , I72S 

tv. ach). 14«2 X3«X (w)i 1255 (m). 

U54 fw). 972 («, br, $6h) cmfl, 

^ fW^^h^nnnr lambdm^ (Ig ep.llon) . 210 (4.2„, 2M ,4.11, 

^ ^"^^^ : - (13 CM-I), 454 (10), 34a (38) . 306 

<23). 194 (32). 164 (100), 140 (31). 113 

(15). 57 (16). 

Hoghiyflftming' . Czsit^oo^^^lvs b.r.: 539.3265 fOr jM^j, 

^•t,: 529.2280 j 

Bttl«pi«l 3t 

Varbindung le 

25 mg (0.047 m«oi) l^-Chlor- 13- hydroxy. •pochilon A (lb) w«rd«i 
m 1 mi DichXorwchaa geUac. mit 29 mg (0.235 mmol) Dlmechyl- 
aminopyridin. ISI m1 (1.081 mmel) Triechylamin und 20.^1 (0.517 
mmol) 96 %.lg*r Aiwl.eaaAuM v«r««t«t. Dmm Rwktton.ge«iach ..Ird 
mit Bia/Katriumchlorid abge)cdhle. Naeh Errelchan von -is war- 
dan dam IUakeionaga«i«ch «o ^1 (0.423 m«ol) Ba.ig.iureanhydrld 
nigagabaa uad 70 Minutan bai -is gcruhrc. Nachdam ain Dton- 
•chlchcchromacogramm )cainaa vollacAndlgan Otaiaacs ansaigc, w«rdan 
daa RaakCionagamiach waicara 6 mg (O.O47 nanol) 
Dl«athyXa«inopyridin, 7 mI (0.047 mmoX) TriathyUmin, . 2 nX SB 
%-lga AnaiaaaaAura (0.047 mmoX) und 4 m1 (a.047 imnol) ' 
EaaigaAuraaahydrid sugaaaete und 60 Minucan gmzilhxz. Zur 
Auf arbaitung. wird daa Raaktionagamisch «uC Raumcamparaeur 
arvlnnc* nit 1 N Phoaphatpuffar pH 7 varaacse uad dlaiwAftrlga 
Phaaa viarmaX mie BthyXaeacat flxcrahiarc. Dia v«rainigcan 
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/ V 

orgaaiachen Phaaen warden mit gea*ttxgcar N«triun,chlcrt<l.LOaun, 

befrext. Die Rexnigung dea RohproduKte. arfolgt ntlc Hllfa der 
praparativan Schichtchromacogr.phia (LaufmlcceX. 
pichlormachan/Acaton, 90 : lo) . Auabeuta: 5 mg U8 %;i 

Rf (Dichlonnathan/Acacon« 50 ; lo) ; q , 

- Sch), 2540 (a. b, 3ch), 1725 

(vs), 1468 im. b. Sch), 1379 (m) , 1265 

1253 (fl), U7S (vs), 072! (m. b, 
Sch), 737 (a) cm-l' 

MS ( 2 0^70 ftVI- m/a (%, . «i3 (9 [M^J), 5«7 (43). 47a (63), 382 

(23), 3S2 (21), 1S4 (100), ISX (33). 98 
(31). 89 (17), 44 (26) . 

HQChauflftffiinfli C29H4oOgNSCl bar.; 613.211a fur IM*J 

gef.: 6X3.2131 



Balapial 4t 
Varbindung Id 



10 mg (0.020 cnmoX) Epothilon B warden in 0.5 ml Tetrahytirofuran 
g8i6at, mie 0.5 ml 1 n SalsaAura varaacst und 30 Minutan bai 
Raumcamparacur garthrt. Anachliaaand wird mic 1 M Phoaphatpuffar 
pH 7 varaaesc und die w46riga Phaaa viarmal mic Ethylacecac ex- 
trahiart. Dia varainlgtan organiaehan Phaaan wardan mlt gaatt- 
tigcar Waeriumchlorid-Ldaung gawaachen. Ober Natriumaulfat ga- 
crocJtnac und vom Ldaungamictai bafrait. Dia Rainigung; daa Roh- 
produktaa arfoXgt mit Hilfa dar prAparativan Schiehtehromatogrm- 
phia (LaufmittaX: DichXormathan/Acaeon, 8S : 15) . 
Auabauea: X mg (9 %) 
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Rg (Plchlorreethan/Aceeon, 8S : IS) » o.38 

^"'^'^^ • - 5" t3 CM*),, 507 (14), 320 (19), 234 

154 (17,, 182 (23), 164 jdOO) . 14Q 
(22), 113 (14,., 71 (13, 

HaflliaiUiAajinai C27H420«Nsci ber.: 543.2421 for iCM^i 

543.2405 



B«iflpi«X St 

V«rbinduB« 2% 

100 m9 (0.203 m«ol) Bpothilon A werden In 4 ml TetraHydrefuran/l 
M Pho«ph«epuf£ar pH 7 (i ; i, geia.t und aolanga mit Natrlumbcr- 
hydrid (150 mg - 3.365 mmoX) varaeczc bio daa Bdu)cc i;auc DOna- 
»chichtchromacogram« volXaUndig abreagiart lac. AnaehlieSend 
wlrd mit 1 M Phoaphacpuffer pH 7 verdannt und dla wdflrige Phaaa 
vlarmal mit Ethylaeatae axtrahiart. Die verainlgcan arganiachan 
Phasen wardaa mic gaaAttigtar Hatriumchlorld-Ldaung gawaachen, 
abar Natriumaulfat gatreOcnae und vom LOaungamlctal befraic. Dia 
Rainigung daa Rohprodukcaa arfolgt durch Klaaelchrom&cographle 
(Laufmieeols OichXormathan/Acaton. 95 ! 5 - grad - nach OlchXpr- 
machan/Aeaeon, 85 : XS) . 



Re <PichXonnachan/ Acaton> 75 : 25); 0.27 

M (Filah ny • 34X3 (a* b, Sch), 2965 (va, Sch> , 1734 

(va), 1458 (m, b, Sch), 1383 (jm, Sch) , 
X3M (a, b, Sch). XX84 (m, b. .Seh), 1059 
(9, Seh). 964 (a), 885 (w) , 731? (m) cb'^ 
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Ma f2fl/7g fYl ' m/e (%) . 49s (6 Cm*}), 477 (8), 492: (12), 394 

(5), 364 (IS). 306 (49), 194 (19), 178 
OS), 164 (100), 140 (40), 83! (21), 55 
<27) . 

HPfihflH^Aft^tinfff C26H4^0gy3 ber. : 495.26S5 fQr CM'*'] 

9«£*s 49S.2623 



B«i8pi«l 6t 

Vttrbin4ua9 3«.d (a.d siad St«r«ol«ea«r«) 

100 mg (0.203 mmoD fipothilon werden in 3 ml Pyrldln geld»t, mlt 
50 Ml (0.68S mmel) Thionylchlorid veraecze und 15 Mlnuten b«l 
Raumtemp«ra&ur gerOhrc. An.chlieScnd wird mit l M Pha.phacpuf f er 
pH 7 versecze und dia w4Brlg« Pluia« viermal mlc Ethylacecac ax- 
trahlert. Dia vereinigtan organiachan Phaaan wardan rale gesAc- 
tigtar Matriumchlorid-Waung gewaachen, Ober Natriuitiflulfac ga- 
trocJcnat und vom L6aungamitteX befraic. Die Rainigung dea Roh- 
produ)ctaa und Trannung dar viar Staraoiaomaran 3a-d erfolge mlc 
Hilfe dar prftparaeivan Schichtchromacographia (Laufmlteel: 
TOluoI/Mathanol, 90 : 10) . 

Vartoiaduag 3* 



4 Rif (12 t) 
Rf (Toluol/Mathanol, 9 0 : 10): 0.50 

IB (PilBl 1 ny • 2961 (111, b, Sch) , 1742 (va) . 1701 (V8) , 

1465 (m, Sch), 1389 (m, Sch) , ;i238 (■• 
Seh), 1210 (v«, Sch), 1011 (0^ Sch), 957 
(0, b, Sch), 800 (m, 5ch)» 76fl (a, Seh) 
cm-i 
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fflLJMfithanalU Umbda^ (Ig epsilon) - 2lO (4.50). 2«8 (4.35) 

^ ^^^^"^^ • 5" CM*n. 457 (2a), 3« (16,, 316 

(27), 223 (30), 178 (30), IMl (100), X51 ' 
U3), 9€ (38), 59 (29). 55 (28), 43 (20). 

H QShaMflftBliniT . ' , C26H3707MSa ber. : 539.2011 fflr (M*J 

V«rblMiia9 3b 

AuahAuga I 14 nig (13 %) 

Rf (Toluol/Machanol. 90 ; 10) : 0.44 

IK (F il m U ny . 29«3 (•. br, sch), 1740 (va), i703 (a), 

1510 (w), 14<4 (m, br, Sch), 1389 (m, ' 
Sch). 1240 (a, br, Sch), 1142: (m), i076 
(w), 1037 (w), 1003 (m), 945 (a, br, 
Sch), 806 (m, Sch), 775 (a), 737 (m) cm' 

fflLillfithflnalU larrtJda^ (Ig apailon) . 211 (4.18), 290 (4.08) 
nm. 

MS fV) I «/• (%) - 539 (27 IM*J), 475 (17) , 322 (41), 306 

(67), 232 (16), 206 (17) , 194 J (19) , 178 
(32), 164 (100), 151 (33), 123 (18). 113 
(15), 96 (39), 81 (23), 64 (58), 57 (42), 
41 (19). 



UdfihiUiUffiUiai C38H37O7HS3 bar.: 539.2011 CQr (M'') 

gef.: 539.1996 
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v«rbladttag 3a 

Rf (Toluoi/Meehanol, 90 i ip) , o.3e 

MS f2ff/7ft rVL L m/« . 53, (51 32a (22), aas (53,, 222 

(3«). 178 (31), lU (100), 151 (41), 96 
<3S). 81 (20), 69 (26), S5 (2$), 4X (25). 

^^aSi^aUttfifflinai C26H3707N32 ber.i 539.2011 far CM*1 

g««.: 539.2001 

v^rbinduag 3d 

frUBbfiUCtj. X mg (1 %) 

Rg (Toluol /Methanol, 90 : 10) : 0.33 

na (2Q/70 ftY)' «,/• (%) - 539 (69 (M*)), 322 (35), 306 (51), 222 

(41), 178 (31), 164 (100), ISX (46) , 96 
(31), 81 (26). 69 (34). 5S (33). 41 (35) 

SfifilUuUfittUl&L C26K37O7NS2 ber.: 539.2011 far CM*] 

g«^.: 539.1997 



Vtrbinduag 4« 

10 mg (0.020 mmol) Bpcthilon A werden in 2 ml Dlchlormethan g«- 
16 Jt, auf -70 •€ abgtlcahlt und anaehlieteiid S Nlnuccn.mic Osoa 
bia sur achwaehaa Blaufirbung behandalc. oaa roaultiaranda Raalc- 
clonagamiach wird anaehliefiend mit 0.5 ml Dlmathylaulfld var- 
saczt und auf Raumtamparatur erwArmc. Zur Aufarbaitung wird daa 
Raakcionagamiach vom Ldaungamieeal bafreit und achliatlich durch 
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preparative Schichtchromatographie (LaufmitteX Dlehlor- 
methan/Acecon/Machanol. 85 : lo : S) gerelnigc. 

AulbCUCC ■ 5 mg (64 %) 

Rg (Pichlormethan/Acoton/Mqehanol, es : lO ; S) j o 61 

^^ ^ ^^^ ' • (»• br, Sch>, 2947 (a, br, Sch). 

1734 (vs, Sch), 14S8 (w) . 1380 (w) , 1267 
11S7 (w), 1080 (w), 982 (w) cm-*. 

tfV fWOfihannl \ - lambda^^^, (Ig cpailon) - 202 (3.53) nm. 

Ma ( 2 0/70 ftV) - m/m {%) . 398 (2 CM*1 ) . 380 (4) ,267 <14) . 249 

(17), 211 (20). 193 (26), 171 (34) , 13$ 
(34), 111 (40), 96 (100), 71 (48), 43 
(50). 

HQChauflOaung LL C2iK3407 bar. : 398.2305 for CM*] 

gef.: 398.2295 



Baiapial 8t 
Varbindung 6a 

10 mg (0.018 mmol) 3 . 7-Dt.o-£ormyl-epochilon A warden in 1 ml 
Dichlormachan galeae, mit 27 iil (0.I8O mmol) 

l,d-0iasabicyelo(5.4.0]undac-7-en (OBU) veraaczc und 60 liinuean 
bai ftaufflcainparatur garOhrt. 

Zur Aufarbaleung vird daa Raaktionagamiaeh mit l N Nacriumdi* 
hydrogaaphoaphac- Puffer pH 4.5 varaecst und die wiOriga Phaae 
viexmal nic Ethylaceeae axcrahierc. Oia varainigtan organiacban 
Phaaen %rerden mit geaAttigtar Natriumchlorld«LOaung gewaachan, 
Obar Natriumaulfat gatroclcaae und vom Ldaungamittal bafreie. 
Mach Beaeicigung daa Ldaungamiteal wlrd daa reaultiarende Roh* 
prodttkt in 1 ml Methanol gal6at, mit 200 ^1 ainar ammoniakali- 
eehan M thanolldauag (2 mnol HK3/ml Methanol) varaetit und Qbar 
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Macht b.i Raumcemperacur gertthrt. 2ur Aufarbeitung wlrd daa Ld- 
aungamlttel itn Vakuum antfemt. 

Auabgiit>#i. 4 mg (22 %) 

Rf (Dichlormechan/Acaton, 8S ; 1 5); ' 0.46 

^ ^^ ^^ "^ ■■ • 3**5 (w, br, sch) , 2950 (va, br, Sch) , 

1717 (va. Sch). 1644 (w). 1466 (tn, Sch) . 
1370 (m. SChJ, 1267 (a. br, SCh) . 117» 
(a, Sch). 984 (a, seh), 860 (w) . 733 (m) 
cm" ^ 

W fMfithang]) lambda„„ (Ig ap.iion) - 210 (4.16) nm; 

MS f2Q/7Q fy}' m/* (%) . 475 (28 [M*I ) . 380 (21), 322 (37), 318 

(40), 304 (66), 178 (31), 16«!(100), 151 
(29), 140 (19), 96 (38), 81 (20). 57 
(26) . 



HQehauglflgu««it» C2eK370sNS bar. 

gef. 



475.2392 fOr [MN 
475.2384 



Baiapial 9t 
VarbindiiB9 



50 mg (0.091 mmol) 3 , 7-01-0- formyX-epothi Ion A (warden In 1 ml 
Dichlorethan geldac, mlc 2 ml (0.013 mol) 

1.8-0iax«bicyclo(S.4,0jundac-7-an (D8U) varaeczb und 12 Stxinden 
bei 90 gardhrt. 

2ur Aufarbaitung wird daa R«a)ctionagemiach mic 1 M Nacrlumdlhy- 
droganphoaphac-Puffar pH 4.5 veraeeze und dia wafirlga Phaae 
viarmal mit Ethylaeetat axcrahiarc. oia ver«inigeen organlaehan 
Phatan vrardan mit gesltcigcer Naeriumehlerid*Lda\ing gawaachen, 
ubar Natriumaulfae gaerocknet und vom Ldaungamittal bafrait. 
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Die Reinigung dee aufl zvei Verbindungen beatehendi,n ROhproduXce. 
erfoXgt mitcele prAparativer Schlchtchromacogrephie (L.«£niittel: 
Oichlormethaii/Acecon, 90 : 10) . 

Aiiabi»m>^ 7 mg (15 

. Subfltanxeode 

Rg (Dichlomwehan/Aceeon, 90 t lO) : o.62 

I K (Fi l ml ■ ny - :951 (ra, br, 3ch) , I723 (va) , 1644 (w, 

br, Seh) , 1468 (w) . 1377 (w) , 1271 (m, 
br. Sch), 1179 (a), 987 {m. bn Seh). 735 
(w, br, Sch) cm"^. 

VY (MttthanQl) • lambdan^ (Ig epailon) • 210 (4,44) nm. 

nS 120/79 ftV) T rn/a (%) - 503 (68 CM*J ) , 408 (58). 390| (32), 334 

(25), 316 (34), 220 (21)\ 206 (27), 194 
(20), 181 (33). 164 (100), 151! (34). 139 
(28), 113 (20), 96 (82). 81 (33), 67 
(24), S5 (26), 43 (22). 

HfifilUUllAAUaai. C27H370eNS bar.: 503.2342 far [H*') 

ge£.t 503.2303 

Baiapial 10 1 
Varbiadvag 60 . 

5 mg (0.009 mmol) 3, 7-Oi-O-acacyl-epocbiloo warden in 1 ml 
Methanol galdat, mit ISO nl ainar anunoniakaliachan MathanoX- 
Id0UD9 (2 mmol NH3/ml MaChanol) veraatsc und Obar Naeht bai 50 
•C gerOhrt. 

Zur Aufarbaicung wird daa Ldaungsmiccal im Vakuum enefiirnc. Die 
Rainlgung dee Rohproduktee arfolgt mie Kllfe dar prAparativan 
sehiehcehromaeographie (Laufmittel: Toluol /Methanol, 90 : 10). 
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AUajgeySfti 3 mg (6? \) 

Rf (Pichlonnethan/Ac«con, 9 0 : lo) . o,S5 

^^ ^ ^" ^ ' -^ • ^' Sch), 1719 (v., Scm. 1641 

(ffl). 14€0 (m, seh), 1372 (a, sch) , 1237 

(V8, b, Sch), U79 (,, sch), 1020 (a), 
563 (a, Sch), 737 (va) cm-^. 

tfV (Wfitthanfil ) • lambda^, (Ig epailon) . 2X0 (4.33) nm-. 

Hg ( 2 Q/7ft fVl > m/e (%). . 517 (S7 (M*I ) , 422 (S8). 3X8 (31), 194 

(20). 181 (34), 166 (100), 151 (31), 96 

81 (32), 69 (27), 55 (29), 43 (69). 
HQgh fl yf]ft i innq L l CjaKajOgNS bar.: S17.2498 for CM*)! 

9ef . ! 517 2493 



Bal«plal II: 

varbindung 7« 

20 mg (0,041 mmpl) Epothilon warden in 0.5 ml Mechanol geldat, 
mit O S ffll 1 M Maeronlauge varaeest und 5 Minucen beli Raumtemptt- 
racur garOhrc. 

Zur Aufarbeitung wird daa Rea)ctionagamiach mic 1 M Fhoaphae- 
puffar pH 7 varaetse und die wAQri^e Phaaa vienhal mlc tchyl- 
acacae axtrahiart. Die vareinigtcn organiachen Phaaam werdon mic 
geaAetigtar waeriumchiorid-Ldaung gewaaclian, Qbar Matrlumaulfac 
gaeroclcnac und vom LfiaungamittaX befraic. Oia Rainigung daa Roh- 
produ)ctaa arfolgt mit Hil£e dar prAparativan Schichechromaco- 
graphie (Laufnittal: Oiehlormachan/Hathanol, 89 : iS); 
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Rg (Dichlonnethan/Macnanol, 85 s IS): 0.92 

ny - 3438 (a. br. Sch) , 2571 (va, br, Sch) , 

X703 (v»). 1507 (m), 1450 (■.! Sch) , 1383 
im, sch). 1254 (w), H90 (w, br, Sch) . 
XOXl (w, br, Sch), 856 (w. br) , 729 (0) 

MS (2g<^7Q CV) • m/e (%) - 423 (0.1 [M*3 ) , 323 (4), isi (89), 140 

(100), 85 (31). 57 (67). 

HQchauglflflnnfl i C23H37O4NS ber.i 423,2443 for (m*3 

ge£,: 423.2410 



a«i«pi«i 13 t 

V«rblBdiui9 7b 

5 mg (0.009 mmol) T-O-Acetyl-apothilon werden in i mil Mechanol 
g«16at, mit 20O ein«r ammoniakaliachen Methanollddung (2 mmol 
MH3/ml Mathanol) varaaese \md zwei Taga bai SO gerOhrc. Zxxx 
Aufarbaitung wlrd daa Ldaungamlctal im vakuum ancfamt. Ola Rai- 
nigung daa Rohprodxiktaa arfolgt mic HiXfa dar prftparacivan 
Schichtchromaeographie (l^aufmicteX : Toluol/MaehanoX, 90 : xo) . 



3 mg (S» %) 

Rg (DichXormachan/Mathanol, 90 ; xO) : 0.63 

Ift (Fila^^ ; ny • 3441 (ffl, b, Sch) , 2946 (a, Scls) , X732 

• (va), 1600 (w), 145X (m), 1375 (m) , 1246 
(s, b, Sch), X0X3 (m, b, Sch) .cm*^ 

qy (Mafchanol) . Xambda«ui (Xg apaiXen) • 211 (3.75), 247 (3.59) 
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M3 f2g/7ff flV) ; m/e {%) . 567 a (mM ) . 4«S M), 422 (7). 338 

(5). 194 (S), 182 (7), 168 (€3), 1S4 
(17), 140 (100), 97 (10). 71 <22) 43 

(a?) . 

Kl^ffhf^ti^iftffVin^ C29H4508ra isar.: 567.2886 far iMt} 

9«f.: 587.2849 



B«lkplttX 13 1 



«*t 30 ml Phoaph*cpu«er (pH 7.1. 10 «M) vrdOnnt. Nacb Zugtt. 
vcn 5 Schw,i„,Xeb.r..e«ra,. (P.. Bo.hrt«g.r M«mh.t». ^ixd 2 
T.g. b«i 30 .c STtthrt. M.n ,4«.rc ™ie 2 ti hcI auf pH S an und 
•xtrahlarc dl. Cpothilon.iur. 7 „it Ethyl.cet.e. Dl. organi.ch. 
Phaaa wird mit Watriumaulf.t g.trocJcn.e. i« vakuu. sur Trockna 
aingadampfe. Auabeuca 48 mg OS %) . 



BalapiaX 14 1 

48 mg Bpochilonaiura 7 werdan in « ml nr aba. geloae und unear 
RQhran mie 40 mX Triathylamin und 16 m1 » . 4, 6-Trtchlorbanioyl- 
chlorid varaaesc. Naeh 15 min wird vom (fiadarachlag abtlltrlart 
und innarhalb von x$ min unear achnallam ROhran in aida aladanda 
Uaung von 30 mg 4-Oimaehylaminopyridin in 200 ml Toluol aba. 
gacrepCt. Naeh waiearan 10 min wird im Vakuum eingadampfe und 
der ftflekatand xwiaeban Ethylacacae/Citratpuffar (p8 4)i varealle. 
Dar eindampfrdekatand dar erganiachan Phaaa argibe naoh prlpara* 
eivar KPte Trannung IS mg l^chilon A. 



I 
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Baiaplal IS: 

tpothlXoB. C und O .1. Au,g.ng.v.«,ladu«g«. 
8. Predukeiea ait pSN S773 

75. 1 ICulcur warden via i« B..iap«cent beachriab.n «>9«,eg«a und 
.«» A„imp«.n ainaa Produktio«.«„™.„cer. n,lt 700 1 
Produktlonamadlum .u* 0.8 ♦ Stlrka. 0.2 ». MuXoaa 0 2 ♦ 
Soyamahl. 0.2 % Hafaaxerakt. 0.x * caclj x 2H,0, i.x* Mgso* x 

Ambarlxt. XAO-15 vervandee.^Di, Farmant.cion dauarc 7 - xo Tag. 
bal 30 C, Baiafeung »i6 ;i ...^ Uft/h. Ow,«h R.guXi.rung aar 
Drabzahl wird dar pOj b«i so % gahalean. 

C. Xaollaruag 

Oaa Adaorbarhar, wird ™it ai„.„ o.7 ^2, loo maah Proz.fifiXter 
von dar Kuitur abgeerannt und durch w.acban mie 3 BaccvoXumen 
Waaaar/MaehanoX 2:1 von poXaran BagXaltaeorf.n bafratc. Dureh 
SXuexon «ie 4 BatevoXuman MachanoX -ird aXn Rohaxcralcc gawonnan. 
dar I. vak. bia ,um Auftraean dar w.aa.rphaaa ein9«<Ump<c wird. 
Olaaa wird draimaX mit dan gXatchan veXunan BchyXaeacac 
axcrabiarc. Eindunpfan dar organiachen Phaaa ergibt 240 g 
KohwteraJct. dar zwiaehan MachanoX und Kapean vertalXc wird. un 
XipophiXa BagXaieaeeffa abtutrannan. Aua dar MathanoXphaaa 
wardan dureh BindaaptM i. V.k. xao g Ra££ii,ae gawonnan. daa in 
dral Poreionan Obar Saphadax LH-20 (SluXa 20 x iOO cm,. 20 mX/mtn 
MethanoX) fraktioniart wtrd. Oia EpoehiXona aXnd in dar mie 240 
- 300 min Reeantion.«saie aXuiareen Praktion von inagesame 72 g 
anehaXt n. Zur Tranaun? dar EpoehiXona wird in drai Portionan an 
tichroaorb Rp-n (15 lut. S4uXa 10 » 40 cm. LauCnieeol ISO mX/min 
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Methanol/Wa„«. SS:35) chro.atographiert . Nach Epochilon A und B 
werdea mxt . 90-95 min Epothilon C and lOO-UO min BpcchUon 
0 elu.ert und nach Elndampfen i. Vak. in eW Au.toeuq, von 
jewaiia 0.3 g al» farbloae fiX. gaworinen, 

D. Physika&iaehd Slgenfichsf tea 



H 




Epothilon C R • H 
Epothilon 0 R ■ CK3 

Epochiloa c 

C2«H39K05S [477] 

ESI-MS: (poaitiv Zonen) : 478.5 fQr CM*HJ * 
IH und 13C tiths NMR-Tato«ll« 
DC:R£ • 0,82 

DC-Alufolit 80 P 354 Merck. Laufmittel; Oichlormethaa/Methanol - 

9:1 

Docaktion: UV-Ldachung bai 254 nn. Anapr^khaa mic VaalXlin-Schw*- 
fel«iurtt->R«aganz« blau-graue AnfArbung baimi Erhitzen 
auf 120 •C. 



HPLC:Re • 11,5 Rlin 

Slula: Nuel o«il lOO C-18 fiim, 135 x 4 mm 
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Laufmltcel: M«thanol/Waa«er . 65t3S 
Plullj iml/min 
Datactlon; Oiodanarray 

speebilon D 



Ca7H4lN05S C4911 

BSI-MS: (poalciv lonan) : 492, S far (M^Hl* 
IH und 13C aieha NMR-Taballo 
DC:Rf -0,82 

OC-Alufoli. « P «4 „«CK, Lau£»i«el: Dlchlon„.cha«/M«h.„ol 

D«..tlon: «V-I^.chu„, b,l «4 „™. ^,p^i„ v.„lUi„.schw. 

f«UAur«.Rea9.a<. M.u-grau. Anfari,uag balm Erhtt.an 

auf 120 "C. 

HPLC;Rt - 15,3 min 

SAula: Nuclaosil 100 C-ia inm. 125 x 4 mm 
Laufmlccal: Machanol /ff «sa«r - «5:3S 
Fluflj iml/min 
Oeeaeeion: Oiodanarray 
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Tab«llo: 'H-und "C . 
tOiJDMfiO b«l 300 MHX 



NMR Daf« von SpochUon c and rpoehiicn d ta 



H-Atom 



Rpcthilon c 

C-Atom 





fW>m) 






2 -Ha 


3.38 


1 
2 


170.2 
38.4 




2 . SO 


3 


■ n.a 




3 . 97 


4 


S3.1 


3 -OR 


12 


5 


317.1 


6-K 


3 . 07 


. 


49. 4 


7*ff 


* • %9 


7 


"^3.9 


7. nil 


4.41 


8 


35.4 




1.34 


9 


37.6 




I.X5 


10 


30.0 


9-Hb 


1 .40 


IX 


27. f 


10 -Ma 


1.15* 


12 


134.4 


10-Hb 


1.3i« 


13 


133.1 




1.90 


14 


31.1 


11-Hb 


2.19 


IS 


78.3 


12*H 


5.3I»» 


16 


137.3 


i3-H 


S.44»» 


17 


119.1 


14-H* 


2.3S 


18 


193.1 


I4-Hb 


2.70 


19 


117.7 


IS-H 


S.27 


20 


184. 2 




C.50 


21 


18.8 


19-H 


7.31 


22 


20.8 


21-H| 


2.€S 


23 


32.6 


22-H, 


0.94 


24 


16.7 


33 -H, 


1.21 


2S 


18.4 


24«ff, 


1.0< 


27 


14.2 


3S-K, 


0.90 






2C.H, 








37-H, 


2.10 







6 

(ppa) 



Epoehiien o 

C-Accift 




3.35 

2.38 

4.10 

5.08 

3.11 

3.48 

4.46 

1.29 

1.14 

1.38 

1.14* 

1.3S* 

1.7S 

2.10 

5.08 

2.30 
2.6S 
S.29 
<.5l 
7.3S 
2.68 
0.90 
1.19 
1.07 
0.91 
1.83 
2.11 



1 I 

2 ! 
3 

4 : 

s 

6 
7 
8 

9 

10: 
11: 
12 i 

13: 

14. 

IS: 
16 ' 

17 : 

18 : 

19 • 
30 - 
21 . 
22 
33 
24 ! 
25 
26 
27 



170.1 

39.0 
70.8 
59.2 
217.4 
44.4 
75. S 
36.2 
29.9 
28. 9 
31.8* 
138. 3 
120.3 
31.6* 
76.6 
137.2 
119.3 
153.1 
117.7 
164.3 
IB. 9 
19.7 
22. S 
18.4 
18.4 
22.9 
14.1 
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Baiaplal isi 

«P«thilon A «d xa.l3..1..pt.,pothUoB A Bpoehlton C 

* s^^o" -"^-^ «i 

.i«.r 0.07 «ol.r«a Wun, von Oimechyldloxir.n In Ac.eon ver- 
••e«e. Nach « Stundan Seeh^n b,i R.un.eemperacur wirdi i vait 
•tngedampfe ««d durch pr*p.r.tlv, hplc .„ K4„.ig.i (L.umccel: 
M.thyX-e.«.butyl«ther/P«troX.ther/M«h.noX 33:«.i) i g«r.nnc. 

Ausbeute: 

25 m9 EpothUon A, - 3.5 min (analyt. HPLc/ 7 ;im, ; SAul. 4 x 

250 mm« LaufmlttaX a. Fluft X.5 mi/min) 
und ! 

20 mg 12,13-Biaepi.e^thilon A, - 3.7 min. esi-msi (poa. 
Zonan) 

m/z - 494 (M+Hp 
^H-MMR in (D4J Mtthanoli auaga- 
wAhlta SlgnaX«! dalta --4.32 
13-H). 3.79 (7.H), 3.06! (12-H), 
3.1« (13-H). 5.54 (15-HI, 6.«9 
tl7-H), 1.20 (23-H). 1.45 (23-m . 




l2,X3-Bi0epi-epothilon A R • H 
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1. spochiIond«rivat der Pormel i 

I 




1 



wobai R . K, Cx.4-AlJcyl; - H, Ci.^-MJcyl, Ci.g.Acyl, 

BMSOyl, Cx-4.Tri.lkyI.ilyl, B«n*yl, Phenyl, Ci.s-Alkoxy-, C«- 
Alkyl-. Hydroxy, und halegcnaubscituierte* Bencyl bsw. Phenyl 
und ea aich b«i d«a in d«a Rtaetn onchaltsaM AlJcyl- b«w. Acyl- 
gruppwi urn 9r«dk«tci9« oder verswaigta R«at« hjuid«lt, uad Y und 
Z enew«dar 9l«ieh odsr veraehieden sind und ja««ils fOr 
WaMervtoff, Halogaa, Paaudohalpgen, OH, 0- (Ci.^i -Acyl. 0-(Ci. 
«)-Alkyl odar 0-Bantoyl atahan odar gamainaam daa 0-Attom einea 
Epoxida odar aina dar C-C-Bindungan ainar C-C-Doppalbinduag 
bildan, wobei Epothilon A und B auagaaooMa aind. 

2. Epothilonderivat d r Pomal 2 



• 2S - 



I 
I 




^ 2 



Sansoyl. Ci.4-Trialkyleilyl, B«n»yX, Phenyl, Ci.g-Alkoxy-, Cg- 
Alkyl-, Hydroxy- und hAlogensubstieuierte* Bansyl btw. Phenyl i 
es aieh bei dm in den Reaten encheleenen Alkyl- b«w. Acyl- 
gruppen urn 'gradkecdge eder versweigte Reete handelt;. und Y und 
Z dl« Bedeucungen gendft Anapruch i beeiesen. 

3. Epothilonderivat dor Pomal 3 



R 



29 - 



wobei R - H, Ci.4-Al)cyl; . H, Ci.s-AlJcyl. Ci^g^Acyl. 

Benzoyl, C1.4-Trialkyl.ilyl, Benxyl. Phenyl, C^.^-Alkixy-, Cg- 
Alkyl-, Hydarexy- una helo9«n«ub«tieui«r«e* Bcnsyl bswi Phenyls 
68 8ich bei den in den Reaten enthaltenen Alkyl- bsw. Acyl- 
9ruf>pen urn gredkeetige Oder verzweigee Reete handelt, und x all- 
gemein £flr -C(0)., -C{S)., -SW-. -CrIr^- und -SiRj- iateht, wo- 
bei R, R^ und R^ die Bedeutung haben vie oben angegeben und R^ 
und r2 euch zuaammen eine Alkylengruppe mit 2 bia « K6hlenoto££- 
atomen bilden kdnnen; und Y und Z di« Dedeucuagen gamifl Anapmeh 
1 beaitzen. 

4. Epoehilonderivat dar formal 4 

R i 




ttfobai R • H, Ci.4*Alkyl; R^, R^, R^, R^, R^ - M, Cx-afAllcyX. 
Cx.6*Acyl. Baaaoyl, Cx.4-Trialkylailyl, Benzyl , Phenyl . Cx.6~ 
Alkoxy-, C^*Alkyl-, Hydroxy* und halogenaubatituiorte^ Benzyl 
biw. Phmyli mm aieh bei dan in dea Reaean enthaltanan Alkyl- 
bsw. Acylgruppan urn gradkattige oder verzweigte Reace handalt. X 
SauarBCOft* mR^, N-NR^R^, und N-NHCONR^R^ bedeutet, vobei die 
/ RBBCa r' bi« dia obaa angagabana Bedeutung haben uhd R^ und 
R^ auch zuaamman eine Alkylengxuppe mit 2 bia 4 Xehlehatofl- 
acoman bildan kdnnaa; und 

Y und 2. die Badautungaa gamAft Anapruch 1 baaitsan. 



/ 
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5. Epothllondtrlvac d«r Formel 5 



R 




. . 0 OR* 0 



OH* 



5 



wob«i R - H, Ci.4-Xlkyl| R^, R^ . 



BenxoyX, Cx.4-TrUXkyl«ilyX, BensyX. PhenyX, Cx.e-AXkdxy-, Cg- 
AXkyX-, Hydroxy und haXogcnsubatituierte* Densyl bawl PhsnyXi 
€• aich bei den in d«n Rt«cen enchaXtenen AXkyX- bsv. AcyX- 
gruppen um gradk«ttig« odar. verzw«igta Raata handeXe, und X 
Waaaeratoff, Ci.je-Alkyl. Cj-ia-AcyX. BansyX, BanseyXund Cinna 
voyX bedeucec und 

Y und 2 dia Badeutungan gamAB Anapruch X baaitsan. 
€. EpochiXondarlvat dar FormeX € 



ft 




2 



OR' 



0 



0 
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-ax - .1 

( : 

wobai R . H, Ci.4.Al)cyl und . H, Ci.e-Alkyl, C^.^-Xcyl, 
Benzoyl. Ci,4-Tri«llcyl.ilyl. Benzyl, Phenyl. Ci.«-Alkixy.. Cfi- 
AlJeyl-, Hydroxy* und balo9eaaubsticuiereea Benzyl bzw^ Phenyl 
iat; ee eich bei den in den Reaeen enthaltenen Aikyl- ibzw. 
Acylgruppen urn gredkettiffe oder verzweigce Reece head^lti und 
Y und 2 die Bedeutungen gemAA Aaapruch i beaiezea. 

7. Epochllonderivat d«r Ponwl 7 



r 




7 



wobei R . H, Ci,4-Alkyl uad R*. R^. R^. R* - a. Cx-s.Alkyl, Cx.^ 
-Acyl, Baasoyl, Ci.4-Tri«lkylallyl. Benzyl, Phenyl. C^.g-Alkoxy. 
C^-Alkyl*. Hydroxy- und halogenaubatituiartM BeasyX Spsw. 
Phenyl; ea aieh b«i den in den Reaten enthaltonea Alkyl- bsw. 
Acylgruppen un gradkettige oder versweigt* Reace handilti uad 
Y uad Z dim Bedeutuagen gemAB Aaapruch i besittea. 

6. Verfahrva xur Keratelluag elaea Bpothilonderivaca der Pozewl 
7 gemAS Anaprueh 7, dadurch geAaaaaeiehaat, daft man B^thiloa A, 
Epothllon B, ein 3«0K-gaaehatstea Derivat daraalbea oder eia 7- 
OH-gaaehOtscea Dariyat daraalban 

I 

i 
« 

I 
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(a) enzymacisch hydrolyaiert , inabaaonder* mit ainar Saearaaa 
odar Llpaaa, odar 

(bl in alkaliaehaoi Madium hydrelyaiart, inabaaoadara mlt 
Natriumhydroxid la ainam Mathanol/VYaaaer-Oemiach, 
uad daa Bpothilond«rlv«e dmr Form«i 7 9«winnt und iaoliert . 

Varfahran zur Haracallang eiM9 BpoehiXondarlvata dar PoraaX 
2 9enAft Aaapruelt 2« dadureh ^aifcaattcaiaAaae, daft man ain 
Epothilondarivac dar Formal 7 gemk& Anapnich 7 odar ala Produke 
daa varf ihjrana gemAft Anapruch 6 

(a) naeh dar Yamaguehi-Mathoda odar 

(b) nach dar Coray-Mathode Oder 

(c) nach dar ICaXlogg-Maehoda 

in daa Spothilondarlvat der Formal 2 uswaadalc und diaaea 
UiRiMuidXungaprodukc laoXlart. 

10. Varfahran zur Karaeallung von EpothiXon x und/oder 12,13- 
Biaapi-apothiXon A, dadureh gakanaiaiehaat, daft man C^othilon C 
epoxidiarCf inabaaondara mit Difflaehyldioxiraa odar aiaer 

IX. VarCahran zur Karate Hung von Epoehilon a und/oder 12, X3- 
Biaepi-epoChiXon B, dadureh gakanaaaiebaat, daft man Epoch! Xon D 
apoxidiarc, inabaaondara mic Oimathyldioxiran odar «in«r 
Pars Aura. 

la. Mittal fOr den PfXansanachues in dar Landwirtaehaft und 
PortewirCBChaft und/oder im Omrtanbau, baacahand aua ainam odar 
nehrerea der Verbindungan gem46 ainam der vorangahandan XnaprA- 
chft Oder aiaer oder mehreren diaaar Verbindungan naban einam 
Oder mehreren ObXichen Trftger(n) und/oder VardOnnungaiRittaX (n) . 

X3. Thermpeutiachea Miccel, inabaaondara sum fiinaaca aXa 

Cyt scatlkua. beecehend aua einer oder mehr rer der Vbrbiadungei 

nach elnem oder mehrer n der Anaprdehe 1 bia 7 odar mlMr oder 



/ i 

mehrcrer der Varbindungen aaeh einem odar mahraran da^ Aaapx^eha 
1 bia 7 naban ainam odar mahraran Obliehan TrAgar(B). und/edar 
VerddnnuAgsniccal (n) . 
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Our reference: 8371.GBF November 18. 1996/he 

Epothilone C and D, Preparation and Means 



The present invention concerns general epothilone derivatives and their use for the produc- 
tion of drugs. EspcciaUy. the present invention is concerned with the preparation of 
epothilone derivatives according to the general Formulas 1 to 7 given below, as well as with 
their use for the production of therapeutic agents and agents for plant protection. 
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In the above Formulas 1 to 7, the symbols have the following meanings: 

R = H, CM-alkyl; 

R^ R^ R*. R^ = H, Ci^-allcyl, 

Ci^s-acyl-benzoyl, 
CM-triallcylsilyl. 
benzyl, 
. phenyl, 
C,^-alkoxy-, 

Q-alkyl-, hydroxy and halogcn-substinited benzyl or phenyl; 
also, two of the groups R* to R' may be combined to form the grouping '{Ca^^- with n = 1 
to 6 and. the alkyi or acyl groups contained in the groups are either straight-chain or branched 
groups; 

Y and Z are either identical or different and can stand for hydrogen, halogens, such as F, 
CI, Br or I, pseudohalogens, such as -NCO, -NCS or -N3, OH, 0-(Ci^-acyl, 0-(Ci^-alkyl, 
0-benzoyL Y and Z can also be the 0-atom of an epoxide, in which case, epothilone A and 
B are not claimed, or one of the C-C bonds can form a C»C double bond. 

In Formula 3, X generally stands for -C(0)-, -C(S)-. -S(0)-. -CR*R*-, where R^ and R* have 
the meaning given above and -SIRj-, where R has the meaning given above. 

In Formula 4, X stands for oxygen, NOR^ N-^^R*R^ and N-NHCONR*R^ where the 
groups R^ to R^ have the meaning given above. 

In Formula 5, X stands for hydrogen, Ci.ti-alkyl, Ct.iracyl, benzyl, benzoyl and cinnamoyl. 

With regard to epothilone A and B, let us refer to DE-A-41 38 042. Compounds according 
to general Formula 1 are accessible starting from epothilone A and B, as well as from their 
3-0- and/or 7-0-protected derivatives by opening the 12,13-epoxide. When hydrogen halides 
are used for this purpose in a preferred nonaqueous solvent, the halohydrins X » Hal, Y » 
OH and Y a OH, Y » Hal are obtained. Protonic acids, for example, tohienesulfonic acid 
and trifluoroacetic acid, lead to 12,13-diols in the presence of water and then these are 
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acylated subsequently according to standard methods (for example, with carboxylic acid 
anhydrides and pyridine or triethylamine/DMAP) or are alkylated (alkyl halides and sUver 
oxide). For this purpose, the 3- and T-hydroxy groups can be protected temporarily as the 
formate (cleaved with NHj/MeOH) or p-methoxybenzyi ether (cleaved with DDQ). 

Compounds according to general Formula 2 are obtainable from epothilone A and B as weU 
as from their 3-0- and/or 7-0-protected derivatives by reduction, for example, with NaBH* 
in methanol. If the 3-OH and/or 7-OH groups are protected reversibly during this process, 
after acylation or alkylation, and removal of the protecting groups, 5-0-monosubstituted, 3.5- 
or 5,7-0-disubstituted derivatives according to general Formula 2 can be obtained. 

Reactions of epothilone A and B with bifunctional electrophilic reagents, such as (thio)phos- 
gene, (thio)carbonyidimidazole [sic], thionyl chloride or dialkylsilyl dichlorides or bistriflates 
give compounds having general Formula 3* The bases used as aids here can be pyridine, 
trialkylamine, optionally together with DMAP or 2,6-lutidine in an aprotic solvent. The 3,7- 
acetals having general Formula 3 are formed by transacetalization, for example, of dimethyl- 
acetals, in the presence of an acidic catalyst. 

Compounds according to general Formula 4, obtained from epothilone A and B or from 
their 3-0- and/or 7-0-protected derivatives by ozonoiysis and reductive processing, for 
example, with dimethyl sulfide. The C-I6 ketones can then be converted to the oximes, 
hydrazones or semicarbazones according to standard methods known to the expert in the 
field. Furthermore, they are converted into C-16/C-17 olefins by the Wittig, Wittig-Honer, 
Julia or Petersen olefination method. 

The 16-hydioxy derivatives according to general Fonnula 5 are obtainable by reduction of 
the C-16 keto group, for example, with aluminum hydride or borohydride. When the 3-OH 
and 7-OH groups are protected correspondingly, they can be acylated or alkylated selective- 
ly. The liberation of the 3-0II- and 7-OH groups is done, for example, with NH^/MeOH in 
the case of 0*formyI and with DDQ in the case of 0-p-methoxybenzyl. 
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The compounds having general Formula 6 are obtained from derivatives of epothilone A and 
B in which the 7-OH group is protected by acyl or ether groups, in which the 3-OH group 
is, for example, formylated, meisylated or tosylated and dien eliminated by treatment with a 
base, for example. DBU. The 7-OH group can be liberated as described above. 

Compounds having general Formula 7 are obtained from epothilone A and B or from their 
3-OH- and 7-OH-protected derivatives by basic hydrolysis, for example, with NaOH in 
MeOH or MeOH/water. Preferably, the compounds having general Formula 7 are obtained 
from epothilone A or B or from their 3-OH- or 7-OH-protected derivatives by enzymatic 
hydrolysis, preferably with esterases or lipases. The carboxyl group can be converted into 
the ester by alkylation with diazoalkanes after protection of the 19-OH group. 

Furthermore, compounds having Formula 7 can he converted into the compound having 
Formula 2 by lactonization according to the methods of Yamaguchi (trichlorobenzoyl 
chloride/DMAP), Corey (aldrithiol/triphenylphosphine) or Kellogg (omega-bromic ac- 
id/cesium carbonate). The corresponding methods can be found in Inanaga et al. in Bull. 
Chem. Soc. Japan, 52 (1979) 1989; Corey & Nicolaou in J. Am. Chem. Soc.. 96 (1974) 
5614; and Kruizinga & Kellogg in J. Am. Chem. Soc., 103 (1981) 5183. 

In order to prepare the compounds according to the invention, one can also start from 
epothilone G or D, and the derivatization methods described above can be used for derivati- 
zation here, too. The 12,13-double bond can be hydrogenated selectively, for example, 
catalytically or with diimine; or it can be epoxidized, for example, with dimethyldioxiran or 
a pericid; or it can be converted into the dibalides. dipseudohalides or diazides. 

Furthermore, the inv^on is coocened with means for plam protection in agriculmre, 
forestiy and/or gaidening, consisting of one or several of the epothilone derivatives described 
above or consisting of one or several of the epothilone derivatives described above in 
addition to one or several of the usual carrier(s) and/or diluent(s). 

Finally, the invention is concerned with therapeutic agents, consisting of one or several of 
the compounds listed above or of one or several of the compounds listed above in addition to 
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one or several of the usual carrier(s) and/or diluent(s). These agents can exhibit especially 
cytotoxic activities and/or cause immunesuppression and/or can be used for combatting 
malignant tumors, but they can especially preferably be used as cytostatic agents. 

The invention is explained further and described by the description of a few selected practical 
examples. 

Examples 

Translator's note: In the infrared spectra in the examples, the general English abbrevi- 
ations are lised, s, m, w, vs, etc.* except for Sch = shoulder and ny » p (nu) 
Also, the abbreviation Ig stands for log. 

Example 1: 
Compound la 

20 mg (0.041 ounole) of epothilone A is dissolved in 1 mL of acetone, with 50 liL (0.649 
nunole) of trifluoroacetic acid is added and the mixture is stirred overnight at SO'C. For 
work-up, the reaction mixture is treated with 1 M pH 7 phosphate buffer and the aqueous 
phase, is extracted four times with ethyl acetate. The combined organic phases art washed 
with saturated sodium chloride solution, dried over sodhmi sulfate and the solvent is 
removed. The purification of the cnide product is done with the aid of preparative layer- 
chromatography (solvem: dichloromethane/acetone, 83:15). 



Yield: 4 mg (19%) isomer I 
4 mg (19%) isomer II 

Isomer I 

(dichloromettofe/flci^ntig R5*1^V 0.46 
Ttt rPiliB>s ay - 3440 (m, b, Sch), 2946 (a, Sch), 1734 

(va), 1686 (m), 1456 (m) . 1375 (w) , 1256 
(8, sch), 1190 (w, b, Sch), 1071 (ra, 
Sch), 884 (w), 735 (Vf) c«"^. 

M5 f3Q/7Q mV)t m/a (%) - 493 (43 [M-H2OI *) , 394 (47), 306 (32), 

206 (30), 181 (40), 166 (72), 139 (100), 

113 (19), 71 (19), 57 (24), 43 (24). 
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High re^Qiutipq: C2fiH3906NS calculated: 493.2498 for [M-HiO]* 

found: 493.2478 

Isomer Q 

R. (dichloromethane/acetone. 0.22 

(F il m) ny - 3484 (s, b, Sch) , 2942 (vs, Sch) , 1727 

(vs), 1S70 (w), 1456 (m), 1380 (m) , 1265 
(s). 1190 (w), 1069 (m), 975 (w) , ca'^. 

MS (2Q/79 ftV) ■ tn/e (%) - 493 (21 [M-HjO]*), 394 (12), 306 (46) , 

206 (37), iSl (63), 166 (99), 139 (100), 
113 (21), 71 (23), 57 (33), 43 (28). 

High re$pluti9n: C^flyfi^S calculated: 493.2498 for [M-HjO]^ 

found: 493.2475 

Example 2: 
Compound lb 

Epothilonc A, 55 mg (0.111 mmole), is dissolved in 0.5 mL of tctrahydrofuraa, O.S(sicJ mL 
of 1 N hydrochloric acid is added and the mixture is stirred for 30 minutes at room tempera- 
ture. Then 1 N phosphate buffer of pH 7 is added and the aqueous phase is extracted four 
times with ethyl acetate. The combined organic phases are washed with saturated sodium 
chloride solution, dried over sodmm sulfate and the solvent is removed. The purification of 
the crude product is done with the aid of preparative layer chromatography (soivem: 
dichloromethaae/medianol, 90:10). Yield: 19mg(32%). 
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■ • 3441 (3, br, Sch), 2948 (s, Sch) , 1725 

(vs, Sch), 14M (ra), 1381 (w) , 1265 (m) , 
1154 (w), 972 (m, br, Sch) cm'^. 

?V (Hgthannl)r lambda^ (ig epsilon) . 210 (4.29), 248 (4.11) 
nm. 

MS (2g/7Q nV)* m/e (%) . 529 (13 [M*] ) , 494 (10), 342 (38), 306 

(23),. 194 (32), 164 (100), 140 (31), 113 
(IS), 57 (16), 



High re$o|utiM: CjJHUOjClNS calculated: 529.2265 for [Mt], 

found; 529.2280 

Example 3: 
Compound Ic 

12-Chloro-13-hydroxy-epothilone A (lb). 25 mg (0.047 mmolc). is dissolved in I mL of 
dichloromeihane, and then 29 mg (0.235 mmole) of dimcthylaminopyridine, 151 fiL (1.081 
mmote) of triethylamine and 20 /iL (0.517 nunole) of 98% fonnic acid are added. The 
reaction mixture is cooled with ice/sodium chloride. After reaching -15 "C, 40 (0.423 
mmole) of acetic anhydride is added to the reaction mixmre. followed by stirring for 70 
minutes at -IS^C. Since the thin-layer chromatogram did not show complete conversion, 
another 6 mg (0.047 mmole) of dimethylaminopyridine, 7 /iL (0.047 mmole) of triethyl- 
amine. 2 /iL of 98% formic acid (0.047 mshoie) and 4 /iL (0.047 mmole) of acedc anhydride 
are added to the reaction mixture, followed by stirring for 60 minutes. For work-up, the 
reaction mixmre is heated to room temperature, 1 M phosphate buffer with pH 7 is added 
and the aqueous phase is extracted four times with ethyl acetate. The combined organic 
phases are washed with saturated sodhmi chloride solution, dried over sodhun sulfate and the 
solvent is removed. The purification of the crude product is done with the aid of preparative 
layer chromatography (solvent: dichlorometiiane/acetone, 90:10). Yield: 5mg(18%). 



12 



I 

R, rPichlommi.thiiM/ar.^png, Qf^^f^y 0.67 



^P<im>^ ny 



MS >3Q/7n ftvy, m/e 



3497 (w, b, Sch). 2940 (s. b, Sch) , 1725 
(vs), 1468 (m, b, Sch), 1379 (m), 1265 
(S). 1253 (9), 1175 (vs), 972 (m, b, 

Sch), 737 (8) cm-1 

(%) - 613 (9.[M*I), 567 (43). 472 (S3). 382 
(23), 352 (21), 164 (100). 151 (33). 96 
(31), 69 (17). 44 (26). 



High resolutitm: CH^O^SCl 



calcalatioQ: 
found: 



613.2112 for [M*] 
613.2131 



Example 4: 
Compound Id 

10 mg (0.020 mmole) of epothilone B is dissolved in O.S mL of tetnfaydioftiian, then O.S 
mL of 1 N hydrochloric acid is added and the mixture stirred for 30 minutes at room 
temperanire. Then 1 M phosphate buffer at pH 7 is added and the aqueous phase is 
extracted 4 times with ethyl acetate. The combined organic phases are washed with sanirated 
sodium chloride solution, dried over sodhim sul&te and freed from solvem. The puri&adon 
of the crude product is done with the aid of prqnradve layer chromatography (solvent: 
dichloromethane/acetone, 85:15). 
Yield: 1 mg (9%) 

yacetone. M:I5V 0.38 



MS (20/70 mV) 



m/m (%) - 543 (3 [N*]), 507 (14), 320 (19). 234 
(9), 194 (17), 182 (23), 164 (100). 140 
(22), 113 (14). 71 (13). 
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High resnlii^iffn; C^H^jO^NSCl 



calculated: 
found: 



543.2421 for [M*] 
543.2403 



Example 5: 
Compound 2a 

Epothilone A. 100 mg (0.203 mmole). is dissolved in 4 mL of tetrahydrofuran/1 M phos- 
phate buffer. pH 7 (1:1) and sodium borohydride (150 mg = 3.965 mmole) is added untU 
the thin-layer chromatogram shows that the starting material reacted completely. Then the 
mixmre is diluted with 1 M phosphate buffer, pH 7 and the aqueous phase is extracted four 
times with ethyl acetate. TTie combined organic phases are washed with saturated sodium 
chloride solution, dried over sodhmi sulfate and the solvent is removed. The purification of 
the crude product is done by silica gel chtomatogr^hy (solvent: dicWotomethane/acetone. 
95:5 - in 5 steps to dichloromethane/acetone, 85:15). 
Yield: (20%) 

R> (Dichloromethane/acetone. 7S.Vn' 0,27 

" ^^^^"'^^ - 34X3 (s. b. Sch), 2S$5 (vs, Sch) . 1734 

(V8), 1458 (m, b, Sch), 1383 (m. Sch), 
12«4 (s, b, Sch), H84 (m, b, Sch), 10S9 
(9, Sch). 9SS (8), 88S (w), 737 (m) cm'^ 

MS (^9/79 gV) ; ra/e (%) -495 IS [n*]), 477 (8), 452 (12). 394 

(9), 3$4 (IS), 306 (49), 194 (19), 178 
(35), 164 (100), 140 (40), 83 (21), SS 
(27) .. 

High resolutioo: C^iOaNS calculated: 495.2655 for [M*] 

found: 49S.2623 



Example 6: 

Compound 3a*d (a-d are stenoisooiers) 

Epothilone. 100 mg (0.203 mmole) is dissolved in 3 mL of pyridine, with 50 ^ (0.686 
mmole) of thionyl chloride added and the mixture is stirred for 15 minutes at room tempeia- 
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ture. Then, 1 M phosphate buffer, pH 7, is added and the aqueous phase is extracted four 
times with ethyl acetate. The combined organic phases are washed with sanirated sodium 
chloride solution, dried over sodium sulfate and the solvent is removed. The purification of 
the crude product and separation of the four stereoisomers 3a-d is done with the aid of 
preparative layer chromatography (solvent: tolucne/methanol. 90:10). 

Compound 3a 

Yield : 4 mg (12«) 

R. (toluene/methannK QOMn)- Q.SO 

TR (Film) ! ny - 2961 (m, b, Sch) , X742 (va) . 1701 (vs) , 

1465 (m, Sch), 1389 (m, Seh)\ 1238 (s» 
Sch), 1210 {vs, Sch), 1011 (s. Sch), 957 
(s, b, Sch), 808 (m, Sch), 768 (3, Sch) 

nv (Methanol) ! lambda^^^^ (Ig epsilon) - 210 (4.50), 248 (4.35) 
nm. 

Mg (3(^/70 ftV) i m/a (%) - 539 (40 tM*l), 457 (22), 362 (16), 316 

(27), 222 (30), 178 (30). 164 (100), 151 
(43), 96 (38), 69 (29) « 55 (28), 43 (20). 

Hif^h resoiution : CMH37O7NS, calculated: 539.2011 for [M*] 

Compound 3b 
Yield : 14 mg (13%) 



IS 



/ 

R, ftoluene/methannl, On-^py 0.44 

fP""^' - 2963 (s. br, Seh) . 1740 (vs) , 1703 (s) , 

ISIO (w). 14«4 (m, br. Sch). 1389 (m. 
Seh), 1240 {a, br, Seh), 1142 (m) , 107S 
(w), 1037 (w), 1003 (m), 945 (s, br, 
Seh), 80« (IB, Seh), 775 (s) , 737 (m) cra" 

yy (Mettiannl ) T lambdaa^, (Ig epsilon) - 211 (4. IS), 250 (4.08) 
nm. 

MS f20/7ff oy) . n/e (%) - 539 (27 [M*] ) . 475 (17) . 322 (41) . 30S 

(S7), 222 (16), 20S (17), 194 (19). 178 
(32), 164 (100), 151 (33), 125 (18), 113 
(15), 96 (39), 81 (23), 64 (58), 57 (42). 
41 (19). 

High resolution : C:«Hj,07NSi calculated: 539.2011 for [M^] 

found: 539.1998 

Compound 3c 

Yield : 4 mg (4%) 

R. rtoluene/methannl on inv 0.38. 

MS f2Q/7Q mV) , m/« (%) - S39 (51 [M^] ) . 322 (22), 306 (53), 222 

(36), 178 (31), 164 (100), 151 (41), 96 
(25), 81 (20), 69 (26), 55 (25), 41 (25). 

High resolutioii : C:4H,ANS, calculated: 539.2011 for [M*] 

found: 539.2001 
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Compound 3d 

Yield: 1 mg(l%) 



R. (toiuene/methanol. 90:10V 0.33 

MS (20/7Q cV)t m/e (%) • 539 (69 (M*J), 322 (35), 30$ (51), 222 

(41), 178 (31), 164 (100), 151 (46), 96 
(31), 81 (26), 69 (34), 55 (33), 41 (35) 

HidLISSSilytiSffl: CmHjtOtNSj calculated: 539.2011 for [M*] 

found: 539.1997 

Example 7: 
Compound 4a 

Epothilone A. 10 mg (0.020 mmolc), is dissolved in 2 mL of dichloromethane. cooled to 
•TO^'C and then treated with ozone for 5 minutes until a weak blue coloration develops. The 
resulting reacdon mixture is then treated with 0.5 mL of dimethyl sulfide and heated to room 
temperature. In the woric-up, the solvent is removed from die reaction mixture and finally 
Che product is purified with preparadve layer chromatography (solvent dichloromethane/ace- 
tone/medianol. 85:10:5). 

Yield : 5 mg (64%) 

R. rPichlorometfiane/acetone/metfianQL 85:10:5^ 0.61 

IR (Ptlm>! ny . - 3468 (8, br, Sch) , 2947 is. br, Sch), 

1734 (vs, Sch) , 1458 (w) , 1380 (w) , 1267 
(w), 1157 (w), 1080 (w), 982 (w) cm'^. 

T1V rMftfehanoDt lambdan„ (Ig epsilon) • 202 (3.53) ma. 

MS f2Q/7Q ftV>i m/m (%) . 398 (2 IM*] ) , 380 (4), 267 (14), 249 

(17), 211 (20), 193 (26), 171 (34), 139 

(34), 111 (40), 96 (100), 71 (48), 43 
(SO). 
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High resolurinn! C2iH3407 calculated: 

found: 



398.2305 for [M*] 
398.2295 



Example 8: 
Compound 6a 

3.7.Di.O-fonnyl-cpotlulone A, 10 mg (0.018 mmole), is dissolved in 1 mL of dichlorometh- 
ane, 27 (0.180 mmole) of l,8-diazabicyclo[5.4.0]undec-7^ne (DBU) is added and the 
mixture stirred at room temperature for 60 minutes. 

For work-up, the reaction mixture is treated with. 1 M sodium dihydrogcn phosphate buffer, 
pH 4.5, and the aqueous phase is extracted four times with ethyl acetate. The combined 
organic phases are washed with saturated sodium chloride solution, dried over sodmm sulfote 
and the solvent is removed. After elimination of the solvent, the resulting crude product is 
dissolved, in 1 mL of methanol, treated with 200 of ammoniacal methanol solution (2 
mmole of NHj/mL of methanol) and stirred overnight at room temperature. For work-up, 
the solvent is removed in vacuum. 

Yield: 4 mg (22%) 

R. fPichloromethane/acetone, 85:15V 0.46 

(Film) i ny « 3445 (w> br, Sch), 2950 (va, br. Sch). 

1717 (vs, Sch), lg44 (w), 1466 (m, Sch), 
1370 (ni, SCh), 1267 (s, br. Sch), 1179 
(S, Sch). 984 (3. Sch). 860 (w), 733 (m) 
cm-1 

yv (Methangl) ; lambda^^ (Ig epsilon) - 210 (4.16) nm. 

^1S (2Qi^7Q cY),y m/e (%) . 475 (28 [M*] ) , 380 (21), 322 (37), 318 

(40). 304 (66), 178 (31), 166 (100), 151 
(29). 140 (19). 96 (38). 81 (20). 57 
(26) . 
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Higl^ resolutjoq: C26H37O5NS calculated: 475.2392 for [M*] 

found: 475.2384 

Example 9: 
Compound 6b 

3.7-Di-O.formyl^pothilone A. 50 mg (0.091 mmole). is dissolved in 1 mL of dichloroeth- 
ane, 2 mL (0.013 mole) of 1.8-dia2abicyclo[5.4.0]undec-7-ene (DBU) is added and the 
mixture stirred for 12 houn at 90^C. 

For work-up, the reaction mixture is treated with 1 M sodium dihydrogen phosphate buffer, 
pH 4:5. and the aqueous phase extracted four times with ethyl acetate. The combined 
organic phases are washed with samrated sodium chloride solution, dried over sodmm sulfate 
and the solvent removed. The purification of the cmde product, which consists of two com- 
pounds, is done witii the aid of preparative layer chromatography (solvent: dichloromethane- 
/acetone, 90:10). 

Yield: 7 mg (15%) 

Substance code 

Bf fPfeblQrQm^ftfflg/aceCTc, 99; 10): 0.62 

IR (Film) t ny • 2951 (m, br, 3ch) , 1723 (vs) , 1$44 

br; Sch) , 1466 (w) , 1377 (w) , 1271 (ra, 
br, Sch), 1179 (s), 987 (m, br, Sch), 735 
(w, br, Sch) cto"^. 

uv (MgfchanQl> > lambda^ (I9 epsilon) - 210 (4.44) nm. 

MS (2Q/7Q aVI > m/tt (%) • 503 (68 [M^] ) , 408 (58), 390 (32), 334 

(25), 316 (34), 220 (21), 206 (27), 194 
(20), 181 (33), 164 (100), 151 (34), 139 
(28), 113 (20), 96 (82), 81 (33), 67 
(24), 55 (26), 43 (22). 
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High resolution! Crfi„O^S 



calculated: 
found: 



503.2342 for [M*] 
503.2303 



Example 10: ^ 
Compound 6c 

3J-Di-0-acetyl-epothilone, 5 mg (0.009 mmole). is dissolved in 1 mL of methanol, 150 
of an ammoniacal methanol solution (2 mmole of NHj/mL of metiianol) is added and the 
mixture stirred overnight at 50^C. 

For work-up, the solvent is removed in vacuum and the crude product is purified with the aid 
of preparative layer chromatography (solvent: toluene/methanol, 90:10). 

XiSli: 3 mg (67%) 

R. (Dichloromethane/acetone. 90:10^: OJS 

IE (Film) ; ny - 2934 la. b, Sch) , 1719 (vs, b, Sch), 1641 

(m) , 1460 (m, Sch), 1372 is, Sch), 1237 
(vs, b, Sch), 1179 (s, Sch), 1020 (s) , 
963 (s, Sch), 737 (vs) cra*^. 

uv (Met^hanol^ t lambda^ (Ig epsilon) - 210 (4.33) hm. 

M? (?q/79 eV); m/e (%) - 517 (57 [M*^] ) , 422 (58), 318 (31) , 194 

(20), 181 (34), 166 (100), 151 (31), 96 
(96), 81 (32), 69 (27), 55 (29), 43 (69). 

High resolution ! C^^^S calculated: 517.2498 for [M"*] 

' found 517.2492 

Example 11; 
Compound 7a 

Epothilone, 20 mg (0.041 nunole), is dissolved in O.S mL of methanol, 0.5 mL of 1 N 
sodium hydroxide is added and the mixture stirred for 5 minutes at room temperamre. 
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For work-up, the reaction mixture is treated with 1 M phosphate buffer. pH 7, and the 
aqueous phase is extracted four times with ethyl acetate. The combined organic phases are 
washed with saturated sodium chloride solution, dried over sodium sulfate and the solvent is 
removed. The purification of the cnide product is done with the aid of preparative layer 
chromatography. (Solvent: dichloromethane/methanol. 85:15). 

Xisld: llmg(52%) 

R, (Dichloromethane/methanoL 85; 15V 0.92 

«y • 3438 (s, br, Sch), 2971 (vs, br, Sch) , 

1703 (vs)/lS07 (m), 1460 (s, Sch) , 1383 
(m, Sch), 1254 (w), 1190 (w, br, Sch) , 
1011 (w, br, Sch), S66 (w, br), 729 (a) 

MS (20/7Q eV)r m/e (%) . 423 (O.l CM*]), 323 (4), 168 (89) , 140 

(100), 85 (31), 57 (87) . 

High resolution: C23H37O4NS calculated: 423.2443 for (M*] 

found: 423.2410 

Example 12; 
Compound 7b 

5 mg (0.(X)9 mmole) of 7-0-acetyl-epothilone is dissolved in 1 mL of methanol, 20Q fiL of • 
an ammoniacal methanol solution (2 mmole of NH3/mL of methanol) is added and the 
mixture is stirred for 2 days a SO^C. For work-up, the solvent is removed in vacuum. The 
purification of the crude product is done with the aid of preparative layer chromatography 
(solvent: toluene/methanol, 90:10). 

liSli: 3mg(59?l) 
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R. (Dich]QrQmfftfrang/fni>f>^l^^n|, Qn;;n). o.63 



IR fPilm) * ny - 3441 (m, b, Sch) , 2946 (s, Sch),.1732 

(vs) , 1600 (w) , 1451 (ra) , 1375 (m) , 1246 
(s, b, Sch) , 1013 (ra, b, Sch) cm"^ 

UV fMeehanol) r lambda,„^ (Ig epsilon) « 211 (3.75), 247 (3.59) 
nm. 

MS f 20/70 gV> ; m/m (%) . 567 (1 [M*l ) , 465 (4), 422 (7), 388 

(5), 194 (5), 182 (7), 168 (65), 164 
(17)/ 140 (100), 97 (10), 71 (22), 43 
(27). 

High resolution: Q^jOgNS calculated: 567.2866 for [M* J 

found: 567.2849 

Example 13: 

Epothilone A, 50 mg, is dissolved in 20 /xL of dimethyl sulfoxide and diluted with 30 mL of 
phosphate buffer (pH 7.1, 30 mM). After addition of 5 rag of pig liver esterase (Boehringer 
Mannheim), the mixture is stirred for 2 days at SO^'C. It is acidified with 2 N HCl to pH 5 
and the epothilonic acid 7 is extracted with ethyl acetate. The organic phase is dried with 
sodium sulfate and evaporated to dryness in vaciium. Yield 48 mg (96 X). 

Example 14: 

Epothilonic acid 7, 48 mg, is dissolved in 6 mL of absolute THF and 40 piL of triethylamme 
and 16 /iL of 2 A6-Cri£hloidbeiizoyl chloride arie added under stirring. After 15 minutes, the 
precipitate is filtered off a&d, within 15 minutes, under rapid stirring, it is added dropwise to 
a boiling solution of 20 mg of 4-dimethyIaminopyridine in 200 mL of absolute toluene. 
After another 10 minutes, the mixture is evaporated in vacuum and the residue is partitioned' 
between ethyl acetate/citrate buffer (pH 4). The evaporation residue of the organic phase 
gives 15 mg of epothilone A after preparative HPLC separation. 
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Example 15: 

EpothOone C and D as starting c mpounds 

A. Production stock and culture conditions corresponding to the basic epothilone patent 

B. Production with DSM 6773 

A culture, 75 U is raised as described in the basic patent and was used for inoculating a 
production fennemer with 700 L of production medium consisting of 0.8% starch. 0.2% 
glucose, 0.2% soy meal, 0.2% yeast extract, 0.1% CaClj ^HjO, 0.1% MgSO*-7HjO, 8 
mg/L of Fe-EDTA, pH = 7.4 and optionally 15 L of adsorbent resin Ambcrlite XAD-16. 
The fermentation takes 7-10 days at 30**C, aeration widi 2 m^ of air/hour. The pOj kept 
at 30% by adjusting the rate of rotation. 

C. Isolation 

The adsorber resin is separated from the culoire with a 0.7 m^, 100 mesh process filter and 
the polar accompanying substance is removed from it by washing with 3 bed volumes of 
water/methanoi 2: 1. Upon elution with 4 bed volumes of metlianol, a crude extract is 
obtained, which is evaporated in vacuum until the appearance of the water phase. This is 
extracted three times with the same volume of ethyl acetate. Evaporation of the organic 
phase gives 240 g of crude extract, which is partitioned between methanol and heptane in 
order to remove any lipophilic accompai^ing substances. Thus, 180 g of raffinate is 
obtained from the methanol phase by evaporation in vacuum; this is fractionated into three 
portions on Sephadex LH-20 (volume 20 x 100 cm, 20 mUmin methanol). The epothilones 
are contained in the fraction eluted with a retention time of 240-300 minutes, a total amount 
of 72 g being obtained. To separate the epodiilones, the product is chromatographed in three 
ponions on Uchrosoib RP-18 (15 lun, column 10 x 40 cm, solvent 180 mUmmute metha- 
nol/water 65:35). After epothilone A and B, epothilone C is eluted widi R, » 90-95 minutes 
and epothilone D with lOO-llO minutes and after evaporation in vacuum, they are obtained 
as colorless oils, each in an amount of 0.3 g. 
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D. Physical properties 



Epothilone C R 
Epothilone D R 

Epothilone C 
Q A9NO5S [477] 

ESI-MS: (positive ions): 478.5 for [M+H]* 
>H and '^C see NMR table 
TLC: Rf = 0.82 

TLC-aluminum foil 60 F 254 Merck, solvent: dichloromethane/methanol » 9: 1 

Detection: UV extinguishing at 254 nm. Spraying with vaniUin-sulftiric acid reagent, 
blue-gray coloration upon heating to 120''C. 

HPLC: R,: 11.5 min 

Column: Nucleosil 100 C-18 Ifim, 125 x 4 mm 
Solvent: methanol/water = 65:35 
Flow rate: 1 mUmin 
Detection: diode amy 
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EpothiloneD 
C27H4,N05S [4911 

ESI-MS: (positive ions): 492.5 for [M+H]* 
'H and ^^C. see NMR table 
TLC: Rf = 0.82 

TLC-aluminum foil 60 F 254 Merck, solvent: dichloromethane/methanol - 9:1 

Detection: UV extinguishing at 254 nm. Spraying with vaniilin-sulfuhc acid reagent, 
blue-gray coloration upon heating to HO^'C. 

HPLC: = 15.3 min 

Column: Nudeosil 100 C-IS T/xm, 125 x 4 mm 
Solvent: methanol/water » 65:35 
Flow rate: 1 miymin 
Detection: diode array 
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Table: 'H and *^C-NMR data of epothilone C and epothilone D in [D^ DMSO at 300 MHz 





Epothilone C 






Enothilnnik X\ 






H-Atom 


5 


C-ACom 


h 


h 


C-ACORl 






(ppm) 




(ppm) 


<PP») 




(ppm) 






\ 






1 


170.1 


2 -Ha 


2.38 


2 


38.4 


2.35 


2 


39.0 


2-Hb 


2. SO 


3 


71.2 


2.38 


3 


70.8 


3-H 


3.97 


4 


S3.1 


4.10 


4 


53.2 


3 -OH 


S.12 


5 


217.1 


8.06 


5 


217.4 


6-H 


3.07 




45.4 


3.11 


6 


44.4 


7-H 


3.49 


7 


75.9 


3.48 


7 


75.5 


7.0H 


4.46 


a 


35.4 


4.46 


8 


3S.3 . 


9-H 


1.34 


9 


27.6 


1.29 


9 


29.9 


9-Ha 


1.15 


10 


30.0 


1.14 


10 


25.9 


9 -Kb 


1.40 


11 


27.6 


1.38 


11 


31.8* 


io*Ka 


1.15* 


12 


124.6 


1.14* 


12 


138.3 


10-Hb 


1.3S* 


13 


133.1 


1.3S» 


13 


120.3 


ii-Ha 


1.90 


14 


31.1 


1.75 


14 


31.6* 


ii-Hb 


2. IB 


15 


76.3 


2.10 


IS 


76.6 


12-H 


5.38»» 


16 


137.3 




16 


137.2 


13-H 


S.44«» 


17 


119.1 


5.08 


17 


119.2 


14 -Ha 


2.3S 


18 


1S2.1 


2.30 


18 


152.1 


14 -Hb 


2.70 


19 


IIT. 7 


2.6S 


19 


117.7 


IS-H 


5.27 


20 


164.2 


5.29 


20 


164.3 


17-H 


6.50 


21 


18.8 


6.51 


21 


18.9 


1 9~H 


7 ,35 


• 22 

mm 


20 8 








21-Hj 


2.6S 


23 


22.6 


2.65 


33 


22.5 


22 -H, 


0.94 


24 


16.7 


Ow90 


24 


16.4 


23-H, 


1.21 


2S 


18.4 


1.19 


25 


18.4 


24-H, 


1.08 


27 


14.2 


. 1.07 


26 


22.9 


2S-K) 


0.90 






0.91 


27 


14.1 


26-Hi 








1.63 






27-H, 


2.10 






2.11 







*, ** Assignment intetchaiigeable. 
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Example 15: fTbia should be Example 16] 

Epothilone A and 1243-bisepi-epothilone A from epothilone C 

Epothilone A, 50 mg. is dissolved in 1.5 mL of acetone and 1.5 mL of a 0.07 molar solution 
of dimethyldioxiran in acetone is added. After standing for 6 hours at room temperature, it 
is evaporated in vacuum and separated by preparative HPLC on silica gel (solvent: methyl- 
tert.butyl ether/petroleum ether/methanol 33:66:1). 

Yield: 

25 mg epothilone A. R, = 3.5 min (analyt. HPLC, 7 iim, column 4 x 250 mm, solvent see 

above, flow rate 1.5 mL/min) 

and 

20 mg of 12,13-bisepi-epothilone A, R, « 3.7 min, ESI-MS (positive ions) 
m/z = 494 [M+H]* 

^H-NMR in [DJ methanol, selected signals: 

4.32 (3.H). 3.79 (7-H), 3.06 (12.H), 3.16 (13:H), 5.54 (15-H). 6.69 (H-H), 
1.20 (22-H), 1.45 (23-H). 



R 




12,13-bisepi-cpothiloiie A R » H 
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Patent Claims 

1. . Epothilone derivative having Formula 1 

R 




0 OR' 0 
1 

where R = H, C,^-alkyi; KK = H, C,^j«alkyl, Ci^acyl, benzoyl, CM-lnalkylsayl, 
ben2yl, phenyl, C,^-alkoxy, Q-alkyl-, hydroxy- and halogen-substituted benzyl or phenyl; 
and the aikyl and acyl groups in these groups are straight-chain or branched groups and Y 
and Z are either the same or different and stand for hydrogen, halogen, pseudohalogen, OH, 
Or(Ci^-acyl, 0-(Civ^l or O-benzoyl or together form the 0-atom of an epoxide or one 
of the C-C bonds form a C^C double bond, where epothilone A and B are excepted. 

2. Epothilone derivative having formula 2 
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where R - H. C.^-alkyl; R'. R». R' = H. C.^alkyl. C,^-acyl, benzoyl. C,^-trialkylsUyl. 
benzyl, phenyl, Cw-alkoxy-. C«-alkyl-, hydroxy- and halogen-substituted benzyl or phenyl; 
the alkyl and acyl groups cootained in these groups are straight-chain or branched groups and 
Y and Z have the meaning according to Gaim 1. 

3. Epothilone derivative according to formula 3 

R 




3 

where R = H, C^-alkyl; R^ R» =» H. C,^-alkyl. Ci^acyl, benzoyl, C,^.trialkylsilyi, 
benzyl, phenyl, Ci^-aikoxy-, C^-alkyl-, hydroxy-, and halogen-substituted benzyl and phenyl; 
the alkyl and acyl groups contained in these groups are straight-chain or branched groups and 
X stands generally for -C(0)-, -C(S)-, -S(0)-, -CR^R*- and -SiR^-. where R, R^ and R* have 
the meaning given above and R' and R' together can also fonn an alkylene group widi 2 to 6 
carbon atoms; and Y and Z have the meaning accordiag to Claim 1. 

4. Epothilone derivative according to formula 4 

R 




4 

29 



I 

where R - H. C.^-alkyl; R'. R». R'. R^ R* = H. C,^-aIkyl. C.^acyl. benzoyl. C,^- 
trialkylsUyl. benzyl, phenyl, C.^-alkoxy-, Q-alkyl-. hydroxy- and halogen-substituted benzyl 
or phenyl: the alkyl and acyl groups contained in these groups are straight-chain or branched 
groups; X stands for oxygen, NOR'. N-NR*R». and N-NHCONRW. where the groups R' to 
R' have the meaning given above and R* and R» together can form an alkylene group with 2 
to 6 carbod atoms; and 

Y and Z have the meaning according to Claim 1. 
S. Epothilone derivative having formula 5 



R 




5 

where R = H. C^-alkyl; R*. R* = H, C,^-alkyl, Ci^acyl, benzoyl, Cw-trialkylsilyl, 
benzyl, phenyl, Cf^-alkoxy-, C^alkyl-, hydroxy- and halogen-substituted benzyl or phei^l;' 
the alkyl and acyl groups contained in these groups are straight-chain or branched groi^ and 
X stands for hydrogen, Ci.u-alkyl, Ci.iracyl, benzyl, benzoyl and cinnamoyl and 
Y and Z have the meaning according to Gaim 1. 
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6. Epothilooe derivative according to formula 6 



R 




6 

in which R = H, CM-alkyl and R» » H, C,^all^l, C,^-acyi, benzoyl, CM-trialkylsilyl, 
benzyl, phenyl, Ci^-alkoxy-. C«-alkyl-, hydroxy- and halogen-substituted benzyl or phenyl; 
the alkyl and acyl groups contained in these groups are straight-chain or branched groiq»s; 
axul Y and Z have the meaning given in Claim 1. 

7. Epothilone derivative according to formula 7 




7 

in which R = H, C,^-alkyI; and R", R\ K\ R* = H, C,^-alkyU C,^acyl. benzoyl, C,v 
trialkylsilyl, benzyl, phenyl, Ci^alkoxy*, Q-alkyl*, hydroxy- and halogen-substituted benzyl 
or phenyl; the alkyl and acyl groups contained in these groups are straight-chain or branched 
groups; and Y and Z have the meaning according to Claun 1. 
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8. Method for the prcparatioii of an epothilone derivative having formula 7. according to 
Claim 7. charaaerized by the fact that epothilone A, epothilone B. a S-OH-protected 
derivative of these or a 7-OH-protected derivative of these is 

(a) hydrolyzed enzymatically, especially with an esterase or lipase, or 

(b) is hydrolyzed in an alkaline medium, especially with sodium hydroxide, in a metha- 
nol/water mixture, and the epothilone derivative having fonnula 7 is obtained and isolated. 

9. Method for the preparation of an epothilone derivative having fonnula 2, according to 
Claim 2, characterized by thefaa that an epothilone derivative having formula 7, according 
xo Claim 7, or as product of the method according to Claim 8, is converted into the epothi- 
lone derivative having formula 2 according to 

(a) the Yamaguchi method or 

(b) the Corey method or • 

(c) the Kellogg method 

and dien this converaion product is isolated. 

10. Method for die preparation of epothilone A and/or 12, 13-bisq)i-epothilone A, 
characterized by the fact that epothilone C is epoxidized, especially with dimethyl dioxiran or 
a peracid. 

1 1 . Method for the preparation of epothilone B and/or .12, 13-bisepi-epothilone B, 
characterized by the fact that epothilone D is epoxidized, especially with dimethyldioxiran or 
a peracid. 

12. Means for pilant protection in agriculture and forestry and/or in gardening, consisting 
of one or several of the compounds according to one of die previous Claims, or according to 
one or several of these coiqxMmds togetfier with one or several usual carrier(s) and/or 
diluent(8). 

13. Therq)eutic agent, especially for use as cytostatic agent, consisting of one or several 
of the coinpounds acconUng to one or several of Clahns 1 to 7, or one or several compounds 
according to one or several of Claims 1 to 7 together with one or several of the usual 
carrier(s) and/or diluent(8). 
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Summary 

I 



The present inventi n is conceined with epothilone derivatives and their application. 
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